UNCLASSIFIED 


HORNER  AND  SHIFRIN  INC  ST  LOUIS  MO  F/6  13/13 

NATIONAL  DAM  SAFETY  PROGRAM.  RAINBOW  LAKE  DAM  (MO  30544) ,  UPPER— ETC (U) 
OCT  80  H  B  LOCKETT t  A  B  BECKER  DACW43-B0-C-0063 

NL 


ADA106216 


» 


LEVELS  (D 

UPPER  MISSISSIPPI  -  KASKASKIA  -  ST.  LOUIS  BASIN 


RAMEOW  LAKE  DAM 
FRANKLIN  COUNTY,  MISSOURI 
MO  30S44 


PHASE  1 1NSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


St.  Louis  District 


KPAHO  BY:  0.5.  ARMY  SHOW—  DISTRICT,  ST.  LOUIS 
ROB:  STATS  OR  MISSOURI  ‘  np^'pofl 


1  i  r  •  •<  ;  >d  m imt  m 

^R!rihi,»-.oa  la  unlimited. 


81  10  21 


»CUWTV  CLASSIFICATION  OF  THIS  FAOE  (Vhwi  Dm*  B*lm*4) 


REPORT  DOCUMENTATION  PAGE 


4  TITLE  (mrn  Submit*) 

Phase  I  Dam  Inspection  Report 
National  Dam  Safety  Program 
Rainbow  Lake  Dam  (MO  3051*lO 
Franklin  County,  Missouri 


»•  auThonc*; 

Horner  A  Shifrin,  Inc. 


ferformino  omamization  mams  ano  address 


U.S.  Army  Engineer  District,  St.  Louis 

Dam  Inventory  and  Inspection  Section,  LMSED-PD 

210  Tucker  Blvd.,  North,  St.  Louis,  Mo.  63101 


ii.  controlling  office  name  ano  address 


READ  WSTRUCTIOICS 
BEFORE  COMPLETING  FORM 


RECIPIENT'S  CATALOG  NUMRER 

4  '  I 


ft.  TYRC  OP  RERORT  ft  PERIOD  COVEREO 


1 ) Final 


a  o*a.  upon 


ft.  CONTRACT  o*  GRANT  NUMRERf*) 


'i)ACW^3-8j^-C-^63V 


U.S.  Army  Engineer  District,  St.  Louis 
Dam  Inventory  and  Inspection  Section,  LMSED-PD 
210  Tucker  Blvd.,  North.  St,  Lo 


monitorinS  ZUncy  name  *  WBBmnSm  mamma  ami  c«miini  own) 


Harold  B.  /Lockett 

Albert  B.  /Becker,  Jr 


«.  OISTRiEUTION  STATEMENT  f*l  M*  *•*•*> 


Approved  for  release;  distribution  unlimited. 


is.  security  class.  (*i  aa* 


IT.  mtTMRMTION  fT  A  TEN  ENT  (mi  thm  mkmt >— I  mmtmr+4  tn  Rtvcft  ft,  M  Mttmtmmt  from  *m*mrt) 


m.  SURRI.CWCNTARV  NOTCS 


National  Dam  Safety  Program,  Rainbow  labs  n.m 
(MO  305*4),  Upper  Mississippi  -  Kaskaskia  -  St. 
Louis  Basin,  Franklin  County,  Missouri.  Phase 
I  Inspection  Report. 


■a.  REV  WORDS  (Cmalmt*  mt  r*r*r**  •»**  II  **€****rr  mm  HmMtr  Sr  *Im*  mmkm) 

Dam  Safety,  Lake,  Dam  Inspection,  Private  Dams 


ABSTRACT  rDmrnm  *m  m*mm  «Mk  N  *****trn y  m*  HmUtfr  Sr  m**k  — N 

This  report  was  prepared  under  the  National  Program  of  Inspection  of 
Non-Federal  Dams.  This  report  assesses  the  general  condition  of  the  dam  with 
respect  to  safety,  based  on  available  data  and  on  visual  inspection,  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property. 


INSTRUCTIONS  FOR  PREPARATION  OF  REPORT  DOCUMENTATION  PACE 


9J5 


ES1BU, TTy  The  controlling  DoD  office  will  be  responsible  for  completion  of  the  Report  Documentation  Page,  DD  Fora  1473,  in 
inical  reports  prepared  by  or  for  DoD  organizations. 

CLASS F1C  ATKIN .  Since  this  Report  Documentation  Page,  DD  Form  1473,  is  used  in  preparing  announcements,  bibliographies,  and  data 
banks,  it  should  be  unclassified  if  possible.  If  a  classification  is  required,  identify  the  classified  items  on  the  page  by  the  appropriate 
symbol. 


COMPLETION  GUIDE 

General.  Make  Blocks  1,  4,  5,  6,  7,  11,  13,  15,  and  16  agree  with  the  corresponding  information  on  the  report  cover.  Leave 
Blocks  2  and  3  blank. 

Block  1.  Report  Number.  Enter  the  unique  alphanumeric  report  number  shown  on  the  cover. 

Block  2.  Government  Accession  No.  Leave  Blank.  This  space  is  for  use  by  the  Defense  Documentation  Center. 

Block  3.  Recipient’s  Catalog  Number.  Le^ve  blank.  This  space  is  for  the  use  of  the  report  recipient  lo  assist  in  future 
retrieval  of  the  document. 

Block  4.  Title  and  Subtitle.  Enter  the  title  }h  all  capital  letters  exactly  as  it  appears  on  the  publication.  Titles  should  be 
unclassified  whenever  possible.  Write  out  the  Englismequivalent  for  Greek  letters  and  mathematical  symbols  in  the  title  (see 
"Abstracting  Scientific  and  Technical  Reports  of  De/ense-spori  sored  RDT/E,  "AD-667  000).  If  the  report  has  a  subtitle,  this  subtitle 
should  follow  the  main  title,  be  separated  by  a  comma  o\  semicolon  if  appropriate,  and  be  initially  capitalized.  If  a  publication  has  a 
title  in  a  foreign  language,  translate  the  title  into  English  and  follow  the  English  translation  with  the  title  in  the  original  language. 

Make  every  effort  to  simplify  the  title  before  publication. \ 

Block  5.  Type  of  Report  and  Period  Covered.  Indicate  here  whether  report  is  interim,  final,  etc.,  and,  if  applicable,  inclusive 
dates  of  period  covered,  such  as  the  life  of  a  contract  covered  in  a  final  contractor  report. 

Block  6.  Performing  Organization  Report  Number.  Only  numbers  other  than  the  official  report  number  shown  in  Block  1,  such 
as  seriea  numbers  for  in-house  reports  or  a  contractor/grantee  number  assigned  by  him,  will  be  placed  in  this  space.  If  no  such  numbers 
are  used,  leave  this  space  blank. 

Block  7.  Authorfs ).  Include  corresponding  information  from  the  report  cover.  Give  the  nemefs)  of  the  authorf s)  in  conventional 
older  (for  example,  John  R.  Doe  or,  if  author  prefers,  J .  Robert  Doe).  In  addition,  list  the  affiliation  of  an  author  if  it  differs  from  that 
of  the  performing  organization.  / 

Block  8.  Contract  or  Grant  Numbers).  For  a  contractor  br  gr^ftee  report,  enter  the  complete  contract  or  grant  numbers)  under 
wY  the  work  reported  was  accomplished.  Leave  blank  in  in-hogse  reports. 

Block  9.  Performing  Organization  Name  and  Address.  FoVin-house  reports  enter  the  name  and  address,  including  office  ayir.  rol, 
of  the  performing  activity.  For  contractor  or  grantee  reports  entesAie  name  and  address  of  the  contractor  or  grantee  who  prepared  the 
report  mid  identify  the  appropriate  corporate  division,  school,  lajforktory,  etc.,  of  the  author.  List  city,  state,  and  ZIP  Code. 

Block  10.  Program  Element.  Project,  Task  Area,  an^Work  ilnit  Numbers.  Enter  here  the  number  code  from  the  applicable 
Department  of  Defense  form,  such  as  the  DD  Form  1498,  “R^earch  And  Technology  Work  Unit  Summary”  or  the  DD  Form  1634. 

"Research  and  Development  Planning  Summary,”  which  identifies  thfe  program  element,  project,  task  ares,  and  work  unit  or  equivalent 
under  which  the  work  was  authorized.  /  1 

Block  11.  Controlling  Office  Name  and  Addres/  Enter  the  hill,  official  name  and  address,  including  office  symbol,  of  the 
controlling  office.  (Equates  to  finding/  sponsoring  egjxcy.  For  definition  see  DoD  Directive  5200.20,  "Distribution  Statements  on 
Technical  Documents.") 


Block  12.  Report  Dote.  Enter  here  the  lisY  month,  and  year  ot  month  and  ye 
Block  13.  Number  of  Pages.  Enter  the  tftal  number  of  pages. 


shown  on  the  cover. 


Block 


U.  Monitoring  Agency  Name  anf  Address  (if  different  from  Controlling  Office).  For  use  when  the  controlling  or  funding 
•directly  administer  a  project,  c/ntract,  or  grant,  but  delegates  the  administrative  responsibility  to  another  organization. 


office  does  not  directly 

Blocks  IS  «s  15a.  Security  Clasaific/tion  of  the  Report;  Declaaiification/Downgreding  Schedule  of  the  Report.  Enter  in  15 
hiaheet  "classification  of  the  report.  If  aXopriate,  enter  in  15a  the  defclassification/downgrsding  schedule  of  the  report,  using  the 

tchmlula.  listed  in  paragraph  4-207  of  DoD  5200. 1-R. 

Block  16.  Distribution  Statement  /f  the  Report.  Insert  here  the  applicable  distribution  statement  of  the  report  from  DoD 
Directive  5200.20.  "Distribution  Statemei tie  on  Technical  Documents.” 

Block  17  Distribution  Statement  (of  the  abstract  entered  in  Block  JO,  if  different  from  the  distribution  statement  of  the  report). 
Insert  hero  thelippUc.ble  dllwbution  statement  of  the  sb.tr.ct  from  DoD  Directive  5200.20,  "Distribution  Statement,  on  Technical  Doc 
uments." 

Block  18.  Supplementary  Notes.  Enter  information  not  jncluded  elsewhere  but  useful,  such  as:  Prepared  in  cooperation  with 
.  Translation  of  (or  by)  .  .  .  Presented  at  conference  of  ...  To  be  published  in  .  .  . 

Block  to  Key  Words  Select  terms  or  short  phrases  that  identify  the  principal  subjects  covered  in  the  report,  and  are 
sufficien^^fic  and  precis,  to  ^  u.Td  a.  index  Entries  for  cataloging,  ^forming  to  standard  terminology,  -fit.  DoD  "Th...»»u. 
of  Engineering  and  Scientific  Teim.”  (TEST).  AD-672  000,  can  be  helpful. 

KibllXc  ..loubl,  tnform-llon.  II  Hi, 

i?here*For  information  on  preparing  abstract,  see  "Abstracting  Scientific  and  Technical  Report,  of  Defense-Sponsored  RDTfcE, 

AD-667  000. 


I 


UPPER  MISSISSIPPI  -  KASKASKIA  -  ST.  LOUIS  BASIN 


t 


% 


RAINBOW  LAKE  DAM 
FRANKLIN  COUNTY,  MISSOURI 
MO  30544 


PHASE  1 1NSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


United  States  Army 
Corps  of  Engineers 

...Serving  the  An ny 
...  Serving  (he  Nation 

St.  Louis  District 


I 


PREPARED  BY:  U.S.  ARMY  ENGINEER  DISTRICT,  ST.  LOUIS 
FOR:  STATE  OF  MISSOURI 


Accession  For 

NTIS  GRA&I 
DTIC  TAB 
Unannounced 
Justificc.' 


* 


By_ 


Dlstribut  i  >:->/ 
Availabii •  c^-’os 
lAvail  ■  or 


Dist 


fl 


Spec  :l 


OCTOBER  1980 


.  i  » 


I 


DEPARTMENT  OF  THE  ARMY 

ST.  10UIS  DISTRICT.  CORPS  OF  ENIINECRS 
210  TUCKER  BOULEVARD.  NORTH 
ST.  10UIS.  MISSOURI  (3101 


LMSED-PD 

SUBJECT:  Rainbow  Lake  Dam  Phase  I  Inspection  Report 

This  report  presents  the  results  of  field  inspection  and  evaluation  of 
the  Rainbow  Lake  Dam  (MO  30544). 


It  was  prepared  under  the  National  Program  of  Inspection  of  Non- 
Federal  Dams. 

This  dam  has  been  classified  as  unsafe,  non-emergency  by  the  St.  Louis 
District  as  a  result  of  the  application  of  the  following  criteria: 

a.  The  combined  spillway  capacity  will  not  pass  50  percent  of 
the  Probable  Maximum  Flood  without  overtopping  the  dam. 

b.  Overtopping  of  the  dam  could  result  in  failure  of  the  dam. 

c.  Dam  failure  significantly  increases  the  hazard  to  loss  of 
life  downstream. 
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PHASE  I  REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam: 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 


Rainbow  Lake  Dam 

Missouri 

Franklin 

Tributary  of  Pin  Oak  Creek 
28  August  1980 


The  Rainbow  Lake  Dam  was  visually  inspected  by  engineering  personnel  of 
Horner  &  Shifrin,  Inc.,  Consulting  Engineers,  St.  Louis,  Missouri.  The 
purpose  of  this  inspection  was  to  assess  the  general  condition  of  the  dam  with 
respect  to  safety  and,  based  upon  this  inspection  and  available  data, 

determine  if  the  dam  poses  a  hazard  to  human  life  or  property. 

/ 

The  following  summarizes  the  findings  of  the  visual  inspection  and  the 

i 

results  of  certain  hydro logic/hydralulic  investigations  performed  under  the 
direction  of  the  inspection  team. 'Teased  on  the  visual  inspection  and  the 
results  of  the  hydrologic/hydraulic  investigations,  the  present  general 
condition  of  the  dam  is  considered  to  be  less  than  satisfactory.  •-JTfie~ 
'following  deficiencies  were  noticed  during  the  inspection  and  are  considered 
to  have  an  adverse  effect  on  the  overall  safety  and  future  operation  of  the 
dam: 


•  ./ 

1.  Seepage,  as  characterized  by  cattails,  willow  trees,  soft  ground,  and 
standing  water  was  observed  in  two  areas  adjacent  to  the  toe  of  the 
downstream  slope  of  the  dam.  Uncontrolled  seepage  could  develop  into 
a  piping  condition  (progressive  internal  erosion)  that  can  lead  to 
failure  of  the  dam.  Saturation  of  the  soil  adjacent  to  the  dam  can 
weaken  the  foundation  and  impair  the  stability  of  the  dam.  To  this 
respect,  the  main  valve  on  the  lake  drawdown  pipe  was,  at  the  time  of 
the  inspection,  leaking  moderately  and  contributing  to  the  wet 
condition  just  downstream  of  the  dam. 


2.  Erosion  of  the  grass  covered  upstream  face  of  the  dam  apparently  by 
wave  action  and/or  fluctuations  of  the  lake  surface  level  has  created 
a  near  vertical  bank  approximately  12-to-18  inches  high.  A  grass 
covered  slope  is  not  considered  adequate  protection  to  prevent 
erosion  of  the  embankment  by  wave  action  or  fluctuations  of  the  lake 
level.  Loss  of  material  by  erosion  can  be  detrimental  to  the  dam's 
stability. 

3.  '  At  the  time  of  the  inspection,  the  grass  and  other  turp  cover  on  the 

dam  slopes  was  about  3  feet  high.  Some  areas  of  the  dam  were  also 
covered  with  undergrowth  including  small  trees  and  dense  brush.  The 
vegetative  cover  should  not  be  allowed  to  reach  a  height  that 
provides  cover  for  burrowing  animals  or  hinders  inspection  of  the  dam. 

According  to  the  criteria  set  forth  in  the  recommended  guidelines,  the 
magnitude  of  the  spillway  design  flood  for  the  Rainbow  Lake  Dam,  which  is 
classified  as  small  in  size  and  of  high  hazard  potential,  is  specified  to  be  a 
minimum  of  one-half  the  Probable  Maximum  Flood  (PMF) .  Considering  the  fact 
that  approximately  30  mobile  homes  and  a  campground  lie  within  the  possible 
flood  damage  zone,  it  is  recommended  that  the  spiliway  for  this  dam  be 
designed  for  the  PMF.  The  Probable  Maximum  Flood  (PMF)  is  the  flood  that  may 
be  expected  from  the  most  severe  combination  of  critical  meteorologic  and 
hydrologic  conditions  that  are  reasonably  possible  in  the  region.  The  PMF  is 
ordinarily  accepted  as  the  inflow  design  flood  for  dams  where  failure  of  the 
structure  would  increase  the  danger  to  human  life. 

Results  of  a  hydrologic/hydraulic  analysis  indicated  that  the  spillways, 
principal  plus  emergency,  are  inadequate  to  pass  lake  outflow  resulting  from  a 
storm  of  PMF  magnitude  or  the  outflow  from  the  one  percent  chance  (100-year 
frequency)  flood  without  overtopping  the  dam.  The  spillways  are  capable  of 
passing  lake  outflow  corresponding  to  about  12  percent  of  the  PMF  lake  inflow 
and  the  lake  outflow  resulting  from  the  10  percent  chance  (10-year  frequency) 
flood.  According  to  the  St.  Louis  District,  Corps  of  Engineers,  the  length  of 
the  downstream  damage  zone,  should  failure  of  the  dam  occur,  is  estimated  to 
be  two  miles.  Within  the  possible  damage  zone  are  a  railroad  embankment, 


( 


|  State  Highway  M,  a  trailer  court  with  about  30  mobile  homes,  a  gasoline 

►  service  station,  and  a  campground. 

A  review  of  available  data  did  not  disclose  that  seepage  or  stability 
analyses  of  the  dam  were  performed.  This  is  considered  a  deficiency  and 
1  j  should  be  rectified. 

It  is  recommended  that  the  Owner  take  the  necessary  action  without  undue 
delay  to  correct  or  control  the  deficiencies  and  safety  defects  reported 
herein. 


Harold  B.  Lockett 
P.  £.  Missouri  E-4189 


Ibert  B.  Becker,  Jr.  ' 
P.  E.  Missouri  E-9168 
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NAT  IONAL  DAM  SAFETY  PROGRAM 
RAIECOW  LAKE  DAM  -  MO  'QA/i/i 

SECTION  I  -  PROJECI  1NEORMATION 


1.1  GENERAL 

a.  Authority .  The  National  Dam  Inspection  Act,  Public  Law  92-367,  dated 
8  August  1972,  authorized  the  Secretary  of  the  Army,  throuqh  the  Corps  of 
Engineers,  to  initiate  a  program  of  safety  inspection  of  dams  throughout  the 
United  States.  Pursuant  to  the  above,  the  St.  Louis  District,  Corps  of 
Engineers,  directed  that  a  safety  inspection  of  the  Rainbow  Lake  Dam  be  made. 

b.  Rjrpose  of  Inspection.  The  purpose  of  this  visual  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  dam  with  respect  to  safety 
and,  based  upon  available  data  and  this  inspection,  determine  if  the  dam  poses 
a  hazard  to  Iximan  life  or  property. 

c.  Evaluation  Criteria.  This  evaluation  was  performed  in  accordance 
with  the  "Phase  I"  investigation  procedures  as  prescribed  in  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams”,  Appendix  D  to  "Report  to  the  Chief 
of  Engineers  on  the  National  Program  of  Inspection  of  Non-Federal  Dams",  dated 
May  1975. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances.  The  Rainbow  Lake  Dam  is  an 
earthfill  type  embankment  rising  approximately  71  feet  above  the  natural 
streambed  at  the  downstream  toe  of  the  barrier.  The  embankment  has  an 
upstream  slope  (above  the  waterline)  of  approximately  lv  on  2.2h,  a  crest 
width  of  about  10  feet,  and  a  downstream  slope  on  the  order  of  lv  on  2. Ah, 
although  the  slope  becomes  less  steep  near  the  base  of  the  dam.  The  length  of 
the  dam  is  approximately  597  feet  and  an  unsurfaced  roadway  traverses  the  dam 
crest.  A  plan  and  profile  of  the  dam  is  shown  on  Plate  3  and  a  cross-section 
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of  the  dam,  at  about  the  location  of  the  original  stream  on  which  the  dam  was 
constructed,  is  shown  on  Plate  4.  At  normal  pool  elevation,  the  reservoir 
impounded  by  the  dam  occupies  approximately  8  acres.  A  3-inch  diameter  pipe 
with  the  control  valve  located  at  the  downstream  end  of  the  pipe  serves  as  a 
lake  drawdown  facility.  The  outlet  is  located  to  the  left  of  the  center  of 
the  dam. 

The  dam  has  both  a  principal  and  an  emergency  spillway.  The  principal 
spillway,  an  excavated  earth,  trapezoidal  section  with  a  natural  rock  bottom, 
is  located  at  the  left,  or  east,  abutment.  The  outlet  channel  for  the 
principal  spillway  follows  a  series  of  rock  falls  through  the  exit  section 
until  it  reaches  the  valley  floor  approximately  170  feet  downstream  of  the 
dam.  An  earthen  bank  that  parallels  the  spillway  crest  section,  serves  to 
confine  flow  to  the  channel  and  protect  the  dam.  The  emergency  spillway,  an 
excavated  earth,  dish-shaped  section,  is  located  at  the  right,  or  west, 
abutment.  The  outlet  channel  for  the  emergency  spillway  which  is  partially  in 
rock  through  the  exit  section,  reaches  the  valley  floor  at  a  point  about  140 
feet  downstream  of  the  dam.  The  outlet  channel  for  the  emergency  spillway 
joins  the  outlet  channel  for  the  principal  spillway  at  a  point  just  upstream 
of  the  culvert  that  crosses  the  road  approximately  180  feet  downstream  of  the 
dam.  Profiles  and  cross-sections  of  the  principal  and  emergency  spillway 
channels  are  shown  on  Plate  5. 

b.  Location.  The  dam  is  located  on  an  unnamed  tributary  of  Pin  Oak 
Creek,  about  1.0  mile  northwest  of  Highway  M  and  approximately  1.5  miles 
southwest  of  the  Town  of  Villa  Ridge,  Missouri,  as  shown  on  the  Regional 
Vicinity  Map,  Plate  1.  The  dam  is  located  in  Section  21,  Township  43  North, 
Range  1  East,  within  Franklin  County. 

c.  Size  Classification.  The  size  classification  based  on  the  height  of 
the  dam  and  storage  capacity,  is  categorized  as  small  (per  Table  1, 

Recommended  Guidelines  for  Safety  Inspection  of  Dams). 

d.  Hazard  Classification.  The  Rainbow  Lake  Dam,  according  to  the  St. 
Louis  District,  Corps  of  Engineers,  has  a  high  hazard  potential,  meaning  that 
if  the  dam  should  fail,  there  may  be  loss  of  life,  serious  damage  to  homes,  or 
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extensive  damage  to  agricultural,  industrial  and  commercial  facilities, 
important  public  utilities,  main  highways,  or  railroads.  The  estimated  flood 
damage  zone,  should  failure  of  the  dam  occur,  as  determined  by  the  St.  Louis 
District,  extends  two  miles  downstream  of  the  dam.  Within  the  possible  damage 
zone  are  a  railroad  embankment,  State  Highway  M,  a  trailer  court  with  about  30 
mobile  homes,  a  gasoline  service  station,  and  a  campground.  Those  features 
lying  within  the  downstream  damage  zone  reported  by  the  Corps  of  Engineers, 

St.  Louis  District,  were  verified  by  the  inspection  team. 

e.  Ownership.  The  lake  and  dam  are  owned  by  Mrs.  Catherine  Straatmann. 
Mrs.  Straatmam’s  address  is  Box  55,  Route  1,  Villa  Ridge,  Missouri  63089. 

f.  Purpose  of  Oam.  The  dam  impounds  water  for  recreational  use.  The 
property  is  operated  on  a  commercial  basis  by  Mrs.  Straatmann  and  is  available 
for  picnicking,  camping,  and  fishing.  Mrs.  Straatmann  and  family  reside  on 
the  property  where  the  dam  is  located. 

g.  Design  and  Construction  History.  According  to  Mrs.  Straatmann,  the 
dam  was  constructed  in  1954  by  Arthur  Tyree,  an  earth  excavating  contractor, 
from  St.  Clair,  Missouri.  Mr.  Tyree  is  deceased,  and  no  records  of  the  design 
or  construction  of  the  dam  are  known  to  exist. 

h.  Normal  Operational  Procedure.  The  lake  level  is  unregulated.  Lake 
outflow  is  governed  by  the  capacities  of  the  principal  and  emergency  spillways. 

1.3  PERTIhtNT  DATA 

a.  Drainage  Area.  With  the  exception  of  the  hillside  east  of  the  lake 
which  is  tree  covered,  the  area  tributary  to  the  lake  is  essentially 
meadowland.  The  watershed  above  the  dam  amounts  to  approximately  175  acres. 

The  watershed  area  is  outlined  on  Plate  2. 


/ 


<  ft 


1-3 


b.  Discharge  at  Damsite. 

(1)  Estimated  known  maximum  flood  at  damsite  ...  26  cfs*  (W.S.Elev.  600.6) 

(2)  Spillway  capacity 

a.  Principal  ...  12  cfs  (W.S.Elev.  600. A) 

b.  Principal  +  emergency  ...  2A2  cfs  (W.S.Elev.  601.9) 

c.  Elevation  (Ft.  above  MSL).  The  following  elevations  were  determined 
by  survey  and  are  based  on  topographic  data  shown  on  the  1969  Moselle, 

Missouri,  Quadrangle  Map,  7.5  Minute  Series. 

(1)  Observed  pool  ...  598.5 

(2)  Normal  pool  ...  600.0 

(3)  Spillway  crest 

a.  Principal  ...  600.0 

b.  Emergency  ...  600. A 

(A)  Maximum  experienced  pool  ...  600.6* 

(5)  Top  of  dam  ...  601.9  (min.) 

(6)  Streambed  at  centerline  of  dam  ...  576+  (Est.) 

(7)  Maximum  tailwater  ...  Unknown 

(8)  Observed  tailwater  ...  None 

d.  Reservoir. 

(1)  Length  at  normal  pool  (Elev.  600.0)  ...  700  ft. 

(2)  Length  at  maximum  pool  (Elev.  601.9)  ...  800  ft. 

e.  Storage. 

(1)  Normal  pool  ...  53  ac.  ft. 

(2)  Top  of  dam  (incremental)  ...  16  ac.  ft. 


♦Based  on  an  estimate  of  maximum  lake  level  as  reported  by  Mrs.  Straatmann. 


f .  Reservoir  Surface. 

(1)  Normal  pool  ...  8  acres 

(2)  Top  of  dam  (incremental)  ...  I  acre 

g.  Dam.  The  height  of  the  dam  is  defined  to  be  the  overall  vertical 
distance  from  the  lowest  point  of  foundation  surface  at  the  downstream  toe  of 
the  barrier  to  the  top  of  the  dam. 

(1)  Type  ...  Earthfill 

(2)  Length  ...  597  ft. 

(3)  Height  ...  27  ft. 

(4)  Top  width  ...  10  ft. 

(5)  Side  slopes 

a.  Upstream  ...  lv  on  2.2h  (above  waterline) 

b.  Downstream  ...  lv  on  2.4h 

(6)  Cutoff  ...  Core  trench* 

(7)  Slope  protection 

a.  Upstream  ...  Grass 

b.  Downstream  ...  Grass 

h.  Principal  Spillway. 

(1)  Type  ...  Uncontrolled,  excavated  earth,  trapezoidal  section 

(2)  Location  ...  Left  abutment 

(3)  Crest  elevation  ...  600.0 

(4)  Approach  channel  ...  Lake 

(5)  Outlet  channel  ...  Excavated  earth,  trapezoidal  section 


*Per  Mrs.  Straatmann. 
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(1)  Type  ...  Uncontrolled,  excavated  earth,  dish-shaped  section 

(2)  Location  ...  Right  abutment 

(3)  Crest  elevation  ...  600.4 

(4)  Approach  channel  ...  Lake 

(5)  Outlet  channel  ...  Excavated  earth,  trapezoidal  section 
Lake  Drawdown  Facility. 

(1)  Type  ...  3-Inch  steel  pipe 

(2)  Location  ...  Station  2+62 

(3)  Control  ...  3-Inch  gate  valve 

(4)  Outlet  elevation  ...  578.4  (75  ft.  from  center  of  dam) 


SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 


No  data  relating  to  the  design  of  the  dam  are  known  to  exist. 

2.2  CONSTRUCTION 


As  previously  stated,  the  dam  was  constructed  in  1954  by  Arthur  Tyree 
(deceased),  an  earth  excavating  contractor  from  St.  Clair,  Missouri.  No 
records  of  the  construction  are  known  to  exist.  According  to  the  Owner,  Mrs. 
Catherine  Straatmann,  (Mr.  Straatmann  is  deceased),  a  core  trench  was 
excavated  to  rock  along  the  axis  of  the  dam.  Mrs.  Straatmann  recalled  that 
the  material  used  to  backfill  the  trench  and  construct  the  dam  was  clay, 
obtained  from  the  area  to  be  occupied  by  the  lake.  No  other  information 
regarding  construction  activities  was  available. 

2.3  OPERATION 

The  lake  level  is  uncontrolled  and  governed  by  the  elevation  of  the  crest 
of  the  principal  spillway.  An  emergency  spillway  with  a  crest  elevation 
approximately  0.4  foot  higher  than  the  crest  of  the  principal  spillway  and 
about  1.5  feet  lower  than  the  top  of  the  dam  at  its  lowest  point,  also  serves 
as  an  outlet  for  lake  surcharge.  No  indication  was  found  that  the  dam  has 
been  overtopped.  Mrs.  Straatmann,  who  resides  on  the  lake  property,  reported 
that  the  dam  has  never  been  overtopped  and  that  the  highest  lake  level 
observed  produced  a  depth  of  flow  at  the  emergency  spillway  on  the  order  of 
0.2  foot. 

2.4  EVALUATION 

a.  Availability .  Engineering  data  for  assessing  the  design  of  the  dam 
and  spillways  were  unavailable. 

b.  Adeguacy .  No  data  available.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  "Recommended  Guidelines  for  Safety 


2-1 


\ 


Inspection  of  Dams"  were  not  available,  which  ' s  cons i hr* red  a  deficiency. 
These  seepage  and  stability  analyses  should  bn  perfonnpd  for  appropriate 
loading  conditions  (including  earthquake  load*)  and  mad*'  a  matter  of  record. 


tCTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  the  Rainbow  Lake  Dam  was  made  by 
Horner  A  Shifrin  engineering  personnel,  R.  E.  Sauthoff,  Civil  Engineer, 

H.  B.  Lockett,  Hydrologist,  and  A.  B.  Becker,  Or.,  Civil  and  Soils  Engineer, 
on  ?8  August  1980.  An  examination  of  the  dam  site  was  also  made  by  an 
engineering  geologist,  Jerry  D.  Higqins,  Ph.D.,  a  consultant  retainer)  by 
Horner  A  Shifrin  for  the  purpose  of  assessing  the  area  geology.  Also  examined 
at  the  time  of  the  inspection  were  the  areas  and  features  below  the  dam  within 
the  potential  flood  damage  zone.  Photographs  of  the  dam  taken  at  the  time  of 
the  inspection  are  included  on  pages  A-l  through  A- 5  of  Appendix  A.  The 
locations  of  the  photographs  taken  during  the  inspection  are  indicated  on 
Plate  3. 


b.  Site  Geology.  The  dam  area  is  located  within  the  Salem  Plateau 
Section  of  the  Ozark  Plateaus  Physiographic  Province  near  the  border  with  the 
Dissected  Till  Plains  Section  of  the  Central  Lowlands  Province.  The 
topography  is  rolling,  with  a  maximum  of  approximately  160  feet  of  relief 
between  the  reservoir  and  the  surrounding  drainage  divides.  The  bedrock 
consists  of  gently  northward-dipping  Ordovician-age  sedimentary  strata  of  the 
Jefferson  City-Cotter  formation.  No  faults  were  observed  or  have  been 
reported  in  the  vicinity  of  the  site.  The  Jefferson  City-Cotter  is  a  light 
brown,  medium-to-f inely  crystalline  dolomitp.  It  is  thin-  to  medium-bedded, 
often  argillaceous,  and  cherty.  Solutinn-enlarqement  of  joints  and  bedding 
planes  frequently  occur  in  the  dolomite,  and  the  contact  between  bedrock,  and 
the  overlying  surficial  materials  is  usually  an  irregular  surfane.  These 
solution  features  are  commonly  the  cause  of  reservoir  leakaqe  when  the  soil 
cover  is  thin.  The  Jefferson  City-Cotter  is  exposed  in  the  spillway  channel. 

The  unconsolidated  surficial  materials  are  composed  primarily  of  residual 
clays  overlain  by  loessal  soils.  The  residual  soils,  formed  from  the  in-place 
weathering  of  bedrock,  consist  of  stony,  blocky,  silty  clays  which  are 
somewhat  permeable  and  often  cause  seepage  from  reservoirs.  The  loessal  soils 
consist  of  deep,  moderately  well-drained  silts  and  silty  clays.  In  general, 


these  soils  grade  from  light  brown  silts  near  the  surface  to  a  friablp  sil  ty 
clay  with  depth,  and  are  generally  low  in  permeability  hut  susceptible  to 
erosion.  According  to  the  Unified  Soil  Classification,  these  soils  are 
classified  as  CL  or  CL-ML  materials  and  are  generally  suitable  for  small 
reservoirs  if  they  are  not  too  thin  and  protected  from  erosion.  The  soils  in 
the  general  area  of  the  reservoir  are  thin,  however,  and  at  least  some  seepage 
through  bedrock  should  be  expected. 

It  appears  that  the  most  significant  geologic  problem  at  the  site  is  the 
erodibility  of  the  silty  soils:  however,  this  does  not  appear  to  affect  the 
stability  of  the  dam  embankment  at  the  present  time. 

c.  Dam.  The  visible  portions  of  the  upstream  and  downstream  faces  of 
the  dam,  as  well  as  the  dam  crest  (see  Photos  1  and  2),  were  examined  and, 
except  as  noted  herein,  found  to  be  in  sound  condition.  Erosion  of  the 
unprotected  (no  riprap)  upstream  face  of  the  dam  has  created  a  near  vertical 
bank  about  l?-to-l8  inches  high  (see  Photo  9)  at  the  normal  waterline.  No 
cracking  of  the  surface,  sloughing  of  the  embankment  slopes,  or  undue 
settlement  of  the  dam  crest  was  noticed,  although  the  top  of  the  dam  was  found 
to  be  quite  .irregular  and  wavey  across  the  crest,  for  the  most  part,  the  top 
of  the  dam  was  covered  by  grass  up  to  ?A  inches  high;  hnwever,  there  was 
evidence  that  the  crest  had  been  used  as  a  roadway,  and  the  grass  along  the 
vehicle  tracks  was  very  thin  and  offered  little  protection.  The  slopes  of  the 
dam  were  well  covered  with  grass,  sericea  lespedeza,  and  weeds  that  were  about 
3  feet  high  throughout.  In  some  areas,  undergrowth,  including  small  trees  and 
dense  brush,  also  covered  the  downstream  face  of  the  dam.  No  animal  burrows 
were  noticed;  however,  due  to  the  dense  growth  of  vegetative  cover  on  the 
slopes,  not  all  areas  could  be  thoroughly  examined,  and  it  cannot  be  stated 
that  none  exist.  No  significant  erosion  of  the  embankment  at  the  Junctions 
with  the  abutments  was  observed.  Examination  of  a  soil  sample  obtained  from 
the  downstream  face  of  the  embankment  near  the  center  of  the  dam  indicated  the 
material  to  be  a  grey-brown,  silty,  lean  clay  (CL)  of  low-to-medium  plasticity. 

A  marshy  area  approximately  35  feet  square  (see  Photo  10),  as  evidenced  by 
cattails  and  soft,  wet  ground,  was  noticed  in  the  area  just  downstream  of  the 
toe  of  the  dam  opposite  station  5+00.  Since  flow  in  the  area  was 
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indistinguishable,  an  estimate  of  seepage  quantity  could  not  be  made.  A 
second  marshy  area,  with  small  willow  trees,  high  grass,  and  wet,  soft  ground 
also  existed  in  the  area  just  downstream  of  and  opposite  the  center  of  the 
dam.  It  could  not  be  determined  if  this  marshy  condition  was  due  primarily  to 
seepage  or  to  leakage  of  the  valve  on  the  lake  drawdown  pipe.  The  main  valve 
(see  Photo  8)  on  the  drawdown  pipe  was  leaking  at  a  rate  of  about  1  gpm  at  the 
time  of  the  inspection,  and  flow  from  the  pipe  was  entering  the  area. 

However,  since  the  marshy  condition  extended  to  a  point  about  90  feet  east  of 
the  valve,  it  is  believed  that  the  dam  is  experiencing  some  seepage  in  this 
area  and  that  the  marshy  condition  is  a  result  of  both  dam  seepage  and  valve 
leakage.  The  marshy  area  extended  to  the  upstream  end  of  the  culvert  that 
crosses  beneath  the  road  (see  Photo  7)  at  about  station  3+30.  Due  to  the 
collapsed  condition  of  the  culvert  headwalls,  flow  at  this  location  was 
difficult  to  estimate;  however,  it  appeared  to  be  also  on  the  order  of  1  gpm. 

The  crest  and  exit  sections  of  the  principal  spillway  (see  Photos  3  and  A) 
were  found  to  be  in  satisfactory  condition  with  no  significant  erosion  of  the 
bedrock  invert  or  earthen  banks,  although  a  few  small  trees  on  the  order  of  1 
inch  in  diameter  were  present  within  the  channel  at  the  downstream  end  of  the 
crest  section. 

The  crest  section  of  the  emergency  spillway  (see  Photo  5)  was  also  found 
to  be  in  satisfactory  condition  without  signs  of  erosion  damage.  Some  erosion 
of  the  banks  of  the  emergency  spillway  outlet  channel  through  the  exit  section 
was  observed;  however,  loss  of  material  at  this  location  did  not  appear  to  be 
significant  at  this  time.  Just  downstream  of  the  crest  section  (see  Photo  6), 
the  channel  was  congested  with  small -to -medium  size  trees  and  dense  brush. 

As  previously  mentioned,  the  main  valve  on  the  3-inch  lake  drawdown  pipe 
(see  Photo  8)  was  leaking  at  a  rate  of  about  1  gpm.  An  attempt  to  tighten  the 
valve  did  not  reduce  the  flow.  A  small  gulley,  on  the  order  of  12  inches  deep 
and  15  inches  wide,  was  eroded  in  the  area  just  downstream  of  the  valve.  The 
1-inch  valve  on  the  line  that  connects  to  the  3-inch  diameter  pipe  just 
upstream  of  the  valve  was  not  leaking  and  appeared  to  be  in  satisfactory 
condition.  The  portion  of  the  3-inch  pipe  exposed  to  view  also  appeared  to  be 
in  satisfactory  condition. 


d.  Appurtenant  Structures.  No  appurtenant  structures  were  observed  at 
this  dam  site. 

e.  Downstream  Channel .  The  channel  downstream  of  the  dam  is 
unimproved.  The  channel  section  is  irregular  and  for  the  most  part,  lined 
with  trees.  The  stream  joins  Pin  Oak  Creek  at  a  point  about  1.3  miles 
downstream  of  the  dam;  Pin  Oak  Creek  joins  the  Bnurbeuse  River  nearly  2  miles 
downstream  of  the  dam. 

f.  Reservoir.  The  area  surrounding  the  lake  is  for  the  most  part 
covered  with  grass  and  well  maintained.  No  significant  erosion  of  the  lake 
banks  was  noted.  At  the  time  of  the  inspection,  the  lake  water  was  clear  and 
about  1.5  feet  below  normal  pool  level.  The  amount  of  sediment  within  the 
lake  could  not  be  determined  during  the  inspection;  however,  due  to  the  fact 
that  the  drainage  area  is  well  covered  with  vegetation,  and  that  several  small 
ponds,  which  will  prevent  sediment  from  entering  the  lake,  are  located  on  the 
tributaries  just  upstream  of  the  lake,  it  is  not  expected  to  be  significant. 

3.2  EVALUATION 

The  deficiencies  observed  during  this  inspection  and  noted  herein  are  not 
considered  of  significant  importance  to  warrant  immediate  remedial  action.  It 
is  recommended  that  the  leaking  valve  on  the  lake  drawdown  pipe  be  repaired. 

It  is  also  recommended  that  measures  be  taken  to  control  the  seepage  evident 
in  the  areas  just  downstream  of  the  dam,  and  that  the  upstream  face  of  the  dam 
be  restored  and  provisions  made  to  prevent  future  erosion. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


L. 


4.1  PROCEDURES 

The  spillways  are  uncontrolled.  The  lake  surface  level  is  governed  by 
precipitation  runoff,  evaporation,  seepage,  and  the  capacities  of  the 
uncontrolled  principal  and  emergency  spillways. 

4.2  MAINTENANCE  OF  DAM 


According  to  the  Owner,  Mrs.  Catherine  Straatmann,  the  grass  on  the 
downstream  side  of  the  dam  is  burned  off  in  the  spring  of  the  year,  and 
muskrats  in  the  vicinity  of  the  dam  are  trapped  during  the  winter.  No  other 
dam  maintenance  work  is  performed.  Mrs.  Straatmann  also  reported  that  the 
lake  drawdown  system  originally  had  a  perforated  pipe  riser  section  on  the 
upstream  end  which  projected  above  the  normal  level  of  the  lake,  but  that 
several  years  ago,  this  section  was  pulled  over  and  now  lies  on  the  bottom  of 
the  lake. 

4.3  MAINTENANCE  OF  OUTLET  OPERATING  FACILITIES 

With  the  exception  of  the  valves  on  the  lake  drawdown  pipe,  no  outlet 
facilities  requiring  operation  exist  at  this  dam.  There  is  no  reservoir 
regulation  plan. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEMS  IN  EFFECT 


The  inspection  did  not  reveal  the  existence  of  a  dam  failure  warning 
system. 

4.5  EVALUATION 

Lack  of  or  inadequate  maintenance  is  considered  detrimental  to  the  safety 
of  a  dam.  It  is  recommended  that  maintenance  of  the  dam  and  spillways  be 
undertaken  on  a  regular  basis  and  that  records  be  kept  of  all  major  items  of 
maintenance  work  performed.  It  is  also  recommended  that  a  detailed  inspection 
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of  the  dam  be  instituted  on  a  regular  basis  by  an  engineer  experienced  in  the 
design  and  construction  of  dams  and  that  records  be  kept  of  all  inspections 
made  and  remedial  measures  taken. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  Design  data  are  not  available. 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area  were 
determined  from  the  1969  USGS  Moselle,  Missouri,  Quadrangle  Map.  The 
proportions  and  dimensions  of  the  spillways  and  dam  were  developed  from 
surveys  made  during  the  inspection.  Records  of  rainfall,  streamflow,  or  flood 
data  for  the  watershed  were  not  available. 

Due  to  the  fact  that  the  watershed  for  this  reservoir  is  small  and  since 
there  is  no  history  of  excessive  reservoir  leakage  that  would  adversely  affect 
the  normal  operating  level  of  the  lake,  the  lake  level  was  assumed  to  be  at 
normal  pool  as  a  result  of  antecedent  storms  prior  to  occurrence  of  the  PMF 
and  the  probabilistic  storms. 

According  to  the  St.  Louis  District,  Corps  of  Engineers,  the  estimated 
flood  damage  zone,  should  failure  of  the  dam  occur,  extends  two  miles 
downstream  of  the  dam. 

c .  Visual  Observations. 

(1)  The  dam  has  both  a  principal  and  an  emergency  spillway. 

(2)  The  principal  spillway,  an  excavated  earth,  trapezoidal  section, 
is  located  at  the  left,  or  east,  abutment. 

(3)  The  emergency  spillway,  an  excavated  earth,  dish-shaped  section, 
is  located  at  the  left,  or  west,  abutment. 

(A)  The  principal  and  emergency  spillway  outlet  channels  join  the 
original  stream  channel  at  a  point  approximately  170  feet 
downstream  of  the  dam. 
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(5)  A  3-inch  pipe  with  a  valve  at  the  outlet  end  is  provided  for 
lake  drawdown. 

(6)  Several  small  (less  than  1  acre  surface  area)  ponds  are  located 
in  e  watershed  area  upstream  of  Rainbow  Lake.  Due  to  their 
small  areas  and  limited  storage  capacities,  these  ponds  are 
considered  hydrologically  insignificant  and  are  ignored  in  the 
hydraulic/h  ro^agic  analysis. 

d.  Overtopping  Potential.  The  spillway  is  inadequate  to  pass  the 
probable  maximum  flood,  1/2  the  probable  max'  im  flood,  or  the  1  percent 
chance  flood  without  overtopping  the  dam.  The  spillway  is  adequate,  however, 
to  pass  the  10  percent  chance  (10-year  frequency)  flood  without  overtopping 
the  dam.  The  results  of  the  dam  overtopping  analyses  are  as  follows: 

(Note:  The  data  appearing  in  the  following  table  were  extracted  from  the 
computer  output  data  appearing  in  Appendix  B.  Decimal  values  have  been 
rounded  to  the  nearest  one-tenth  in  order  to  prevent  assumption  of  unwarranted 
accuracy . ) 


Ratio  of  PMF 

0-Peak 

Outflow  (cfs) 

Max.  Lake 

W.S.  Elev. 

Max.  Depth  (Ft.) 

of  Flow  over  Dam 

(Elev.  601.9) 

Duration  of 

Overtopping  of 

Dam  (Hours) 

0.50 

1,673 

603.1 

1.2 

4.5 

1.00 

3,692 

603.8 

1.9 

6.6 

100-Yr .Flood 

419 

602.3 

0.4 

0.5 

10-Yr.  Flood 

133 

601.5 

0.0 

0.0 

Elevation 

601.9  was  found 

to  be  the  lowest 

point  in  the  dam 

crest.  The 

flow  safely  passing  the  spillway  just  prior  to  overtopping  was  determined  to 
be  approximately  242  cfs,  which  is  the  routed  outflow  corresponding  to  about 
12  percent  of  the  probable  maximum  flood  inflow.  This  flow  is  less  than  the 
outflow  from  the  1  percent  chance  (100-year  frequency)  flood  but  greater  than 
the  outflow  from  the  10  percent  chance  (10-year  frequency)  flood.  During  peak 
flow  of  the  probable  maximum  flood,  the  greatest  depth  of  flow  over  the  dam  is 
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projected  to  be  1.9  feet  and  overtopping  will  extend  across  the  entire  length 
of  the  dam. 

e.  Evaluation.  Experience  with  embankments  constructed  of  similar 
material  (a  silty  lean  clay  of  low-to-medium  plasticity)  to  that  used  to 
construct  this  dam  has  shown  evidence  that  under  certain  conditions,  such  as 
high  velocity  flow,  the  material  can  be  very  erodible.  Such  a  condition 
exists  during  the  PMF  when  large  lake  outflow,  accompanied  by  high  flow 
velocities,  occurs.  For  the  PMF  condition  where  the  depth  of  flow  over  the 
dam  crest,  a  maximum  of  1.9  feet,  and  the  duration  of  flow  over  the  dam,  6.6 
hours,  are  considerable,  damage  by  erosion  to  the  crest  and  downstream  face  of 
the  dam  is  expected.  The  extent  of  these  damages  is  not  predictable  within 
the  scope  of  this  investigation;  however,  there  is  a  possibility  that  they 
could  result  in  failure  by  erosion  of  the  dam. 

f.  References.  Procedures  and  data  for  determining  the  probable  maximum 
flood,  the  100-year  and  10-year  frequency  floods,  and  the  discharge  rating 
curve  for  flow  passing  the  spillways  and  dam  crest  are  presented  on  pages  B-l 
thru  B-3  of  the  Appendix.  Listings  of  the  HEC-1  (Dam  Safety  Version)  input 
data  for  both  the  probable  maximum  flood,  and  the  probabilistic  floods,  are 
shown  on  pages  B-4  through  B-8.  Computer  output  data,  including  unit 
hydrograph  ordinates,  tabulation  of  PMF  rainfall,  loss  and  inflow  data  are 
shown  on  pages  B-9  through  B-12;  tabulation  of  lake  surface  area,  elevation 
and  storage  volume  is  shown  on  page  B-l 3 ;  tabulations  titled  "Summary  of  Dam 
Safety  Analysis"  for  the  PMF,  1  percent  chance  (100-year  frequency)  and  10 
percent  chance  (10-year  frequency)  floods  are  also  shown  on  pages  B-13  and 
B-14  of  Appendix  B. 


SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visual  observations  of  conditions  which 
adversely  affect  the  structural  stability  of  the  dam  are  discussed  in  Section 
3,  paragraph  3.1c. 

b.  Design  and  Construction  Data.  No  design  or  construction  data 
relating  to  the  structural  stability  of  the  dam  are  known  to  exist.  Seepage 
and  stability  analyses  comparable  to  the  requirements  of  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams"  were  not  available,  which  is 
considered  a  deficiency.  These  seepage  and  stability  analyses  should  be 
performed  for  appropriate  loading  conditions  (including  earthquake  loads)  and 
made  a  matter  of  record. 

c.  Operating  Records.  No  appurtenant  structures  or  facilities  requiring 
operation  exist  at  this  dam.  According  to  the  Owner,  Mrs.  Catherine 
Straatmann,  no  records  are  kept  of  the  lake  level,  spillway  discharge,  dam 
settlement,  or  seepage. 

d.  Post  Construction  Changes.  According  to  Mrs.  Straatmann,  no  post 
construction  changes  have  been  made  which  would  affect  the  structural 
stability  of  the  dam. 

e.  Seismic  Stability.  The  dam  is  located  within  a  Zone  II  seismic 
probability  area.  An  earthquake  of  the  magnitude  that  might  occur  in  this 
area  would  not  be  expected  to  cause  structural  damage  to  a  well  constructed 
earth  dam  of  this  size  provided  that  static  stability  conditions  are 
satisfactory  and  conventional  safety  margins  exist.  However,  it  is 
recommended  that  the  prescribed  seismic  loading  for  this  zone  be  applied  in 
any  stability  analyses  performed  for  this  dam. 


SECTION  7  -  ASSESSMENT /REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Sa fety .  A  hydraulic  analysis  indicated  that  the  spillways  (principal 
plus  emergency)  are  capable  of  passing  lake  outflow  of  about  242  cfs  without 
the  level  of  the  lake  exceeding  the  low  point  in  the  top  of  the  dam.  A 
hydrologic  analysis  of  the  lake  watershed  area,  as  discussed  in  Section  5, 
paragraph  5. Id,  indicates  that  for  storm  runoff  of  probable  maximum  flood 
magnitude,  the  lake  outflow  would  be  about  3,692  cfs,  and  that  for  the  1 
percent  chance  (100-year  frequency)  flood,  the  lake  outflow  would  be  about  419 
cfs.  A  similar  analysis  indicated  that  the  lake  outflow  for  the  10  percent 
chance  (10-year  frequency)  flood  would  be  on  the  order  of  133  cfs. 

Seepage  and  stability  analyses  of  the  dam  were  not  available  for  review, 
and  therefore,  no  judgment  could  be  made  with  respect  to  the  structural 
stability  of  the  dam. 

Several  items  were  noticed  during  the  inspection  that  could  adversely 
affect  the  safety  of  the  dam.  These  items  include  high  grass  and  brush  on  the 
dam  slopes,  seepage,  and  a  leaking  valve  on  the  lake  drawdown  outlet  pipe. 

b.  Adequacy  of  Information.  Due  to  lack  of  design  and  construction 
data,  the  assessments  reported  herein  were  based  on  external  conditions  as 
determined  during  the  visual  inspection.  The  assessments  of  the  hydrology  of 
the  watershed  and  capacities  of  the  spillways  were  based  on  a  hydrologic/ 
hydraulic  study  as  indicated  in  Section  5.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  were  not  available,  which  is  considered  a  deficiency. 

c.  Urgency .  The  remedial  measures  recommended  in  paragraph  7.2  for  the 
items  concerning  the  safety  of  the  dam  noted  in  paragraph  7.1 a  should  be 
accomplished  without  undue  delay.  The  item  recommended  in  paragraph  7.2a 
regarding  the  provision  of  additional  spillway  capacity  should  be  pursued  on  a 
high  priority  basis  since  the  existing  spillways  are  considered  to  be 
seriously  inadequate. 
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d.  Necessity  for  Phase  II.  Based  on  the  results  of  the  Phase  I 
inspection,  a  Phase  II  investigation  is  not  recommended. 

e.  Seismic  Stability.  The  dam  is  located  within  a  Zone  II  seismic 
probability  area.  An  earthquake  of  the  magnitude  that  might  occur  in  this 
area  would  not  be  expected  to  cause  structural  damage  to  a  well  constructed 
earth  dam  of  this  size  provided  that  static  stability  conditions  are 
satisfactory  and  conventional  safety  margins  exist.  However,  it  is 
recommended  that  the  prescribed  seismic  loading  for  this  zone  be  applied  in 
any  stability  analyses  performed  for  this  dam. 

7.2  REMEDIAL  MEASURES 

a.  Recommendations .  The  following  actions  are  recommended: 

1.  Based  upon  criteria  set  forth  in  the  recommended  guidelines, 
spillway  size  and/or  height  of  dam  should  be  increased  in  order  to  pass  lake 
outflow  resulting  from  a  storm  of  probable  maximum  flood  magnitude.  In  either 
case,  the  spillways  should  he  protected  to  prevent  erosion. 

2.  Obtain  the  necessary  soil  data  and  perform  dam  seepage  and 
stability  analyses  in  order  to  determine  the  structural  stability  of  the  dam 
for  all  operational  conditions.  Seepage  and  stability  analyses  should  be 
performed  by  a  qualified  professional  engineer  experienced  in  the  design  and 
construction  of  earthen  dams. 

b.  Operations  and  Maintenance  (0  &  M)  Procedures.  The  following  0  4  M 
Procedures  are  recommended: 

1.  Provide  some  means  of  controlling  seepage  evident  in  the  areas 
adjacent  to  the  downstream  toe  of  the  dam.  Uncontrolled  seepage  can  lead  to  a 
piping  condition  which  could  result  in  failure  of  the  dam.  Drainage  of  the 
areas  affected  by  seepage  including  elimination  of  the  marshy  areas  just 
downstream  of  the  dam  should  be  one  of  the  objectives  of  the  seepage  control 
measures  since  saturation  of  the  soil  weakens  the  foundation  which  could 
impair  the  stability  of  the  dam.  It  is  also  recommended  that  the  leaking 
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valve  on  the  lake  drawdown  facility  be  repaired  since  flow  from  the  pipe  is 
contributing  to  the  wet  condition  adjacent  to  the  dam. 

2.  Restore  the  eroded  areas  of  the  embankment  and  provide  some  form 
of  protection  (other  than  grass)  at  the  upstream  face  of  the  dam  at  and  above 
the  normal  waterline  in  order  to  prevent  erosion  by  wave  action  or  by 
fluctuations  of  the  lake  level.  A  grass  covered  slope  is  not  considered 
adequate  protection  to  prevent  erosion  of  the  emhankment  by  wave  action  or  by 
a  fluctuating  lake  level.  Loss  of  material  can  impair  the  stability  of  the 
dam. 

3.  Maintain  the  turf  cover  on  the  embankment  at  a  height  that  will 
not  hinder  inspection  of  the  dam  or  provide  cover  for  burrowing  animals. 

Animal  burrows  can  also  provide  passageways  for  lake  seepage  that  can  develop 
into  a  piping  condition. 

4.  Provide  maintenance  of  all  areas  of  the  dam  and  spillways  on  a 
regularly  scheduled  basis  in  order  to  insure  features  of  being  in  satisfactory 
operational  condition. 

5.  A  detailed  inspection  of  the  dam  should  be  instituted  on  a 
regular  basis  by  an  engineer  experienced  in  the  design  and  construction  of 
dams.  It  is  also  recommended,  for  future  reference,  that  records  be  kept  of 
all  inspections  made  and  remedial  measures  taken. 
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NO.  1:  CRK ST  AND  UPSTRKAM  FAOr  OF  DAM 


I 


DOWNSTREAM  FACT:  OF  DAM 


A-  1 


NO.  2: 


NO.  6:  EMERGENCY  SP I  I.I.V’AY  oi TLKT  vTAMMI'L  - 
LOOKING  DOWN. '"‘I  REAM  I-  ROM  0|.m-cT  ,\RF.\ 


A- 3 


/ 


APPENDIX  B 

HYDROLOGIC  AND  HYDRAULIC  ANALYSES 


HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 


1.  The  HEC-1  Dam  Safety  Version  (July  1978,  Modified  26  February  1979) 
program  was  used  to  develop  inflow  and  outflow  hydrographs  and  dam  overtopping 
analyses,  with  hydrologic  inputs  as  follows: 

a.  Probable  maximum  precipitation  (200  sq.  mile,  24-hour  value  equals 
25.4  inches)  from  Hydrometeorological  Report  No.  33.  The 
precipitation  data  used  in  the  analysis  of  the  1  percent  chance 
(100-year  frequency)  and  the  10  percent  chance  (10-year  frequency) 
floods  were  provided  by  the  St.  Louis  District,  Corps  of  Engineers. 

b.  Drainage  area  =  0.273  square  miles  =  175  acres. 


c. 


SCS  parameters: 


Time  of  Concentration  (Tc) 


ail*.:) 

H 


0.385 


=  0.177  hours 


Where:  T^  =  Travel  time  of  water  from  hydraulically  most  distant 
point  to  point  of  interest,  hours. 

L  =  Length  of  longest  watercourse  =  0.511  miles. 

H  =  Elevation  difference  =  142  feet. 


The  time  of  concentration  (T^)  was  obtained  using  method  C  as 
described  in  Fig.  30,  "Design  of  Small  Dams",  by  the  United  States 
Department  of  the  Interior,  Bureau  of  Reclamation,  and  was  verified 
using  average  channel  velocity  estimates  and  watercourse  lengths. 

Lag  time  =  0.106  hours  (0.60  T  ) 

Hydrologic  Soil  Group  =  C  (Predominantly  Bucklick  and  Gatewood 

Series,  per  unpublished  SCS  Soil  Survey 
Report) 


Soil  type  CN  =  71  (AMC  II,  100-yr  flood) 

=  86  (AMC  III,  FWF  condition) 


2.  The  principal  spillway  consists  of  a  broad-crested  trapezoidal  section 
and  the  emergency  spillway  section  consists  of  n  hrnad-c rested,  dish-shaped 
section,  either  for  which  conventional  weir  formulas  do  not  apply. 

Spillway  release  rates  were  determined  as  follows: 

a.  Spillway  crest  section  properties  (areas,  "a",  and  top  width,  "t") 
were  computed  fi.  ~  various  depths,  "d". 

b.  It  was  assumed  that  flow  over  the  spillway  crest  would  occur  at 
critical  depth.  Flow  at  critical  depth  0^  was  computed  as 

3  0.5 

Qc  =  for  the  various  depths,  "d".  Corresponding 

velocities  (vc)  and  velocity  heads  (H  )  were  determined  using 
conventional  formulas.*  Reference  "Handbook  of  Hydraulics",  Fifth 
Edition,  by  King  &  Brater,  page  8-7. 

c.  Static  lake  levels  corresponding  to  the  various  flow  values  passing 
the  spillway  were  computed  as  critical  depths  plus  critical  velocity 
heads  (dc  +  Hvc) ,  and  the  relationship  between  lake  level  and 
spillway  discharge  was  thus  obtained.  The  procedure  neglects  the 
minor  insignificant  friction  losses  across  the  length  of  the  spillway 

d.  The  discharges  for  the  principal  and  emergency  spillways  for  egual 
elevations  were  summated  for  entry  on  the  Y4  and  Y5  cards. 

3.  The  profile  of  the  dam  crest  is  irregular  and  flow  over  the  dam  cannot 
be  determined  by  application  of  conventional  weir  formulas.  Crest  length  and 
elevation  data  for  the  dam  crest  proper  were  entered  into  the  HEC-1  Program  on 
the  $L  and  $V  cards.  The  program  assumes  that  flow  over  the 
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dam  crest  occurs  at  critical  depth  and  computes  internally  the  flow  passing 
the  dam  crest  and  adds  this  flow  to  the  flow  passing  the  spillways  as  entered 
on  the  Y4  and  Y5  cards. 
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